Protons and deuterons from the Triangle Universities Nuclear Laboratory (TUNL) tandem Van de Graaff of energies 3.0, 4.0, and 5.0 MeV were scattered fromn foils of Al, Ni, , and Ta having thicknesses of 6.14 to 47 mg/cn . Multiple scattering angular distributions were measured using a position-sensitive detector to collect data at nine different angles simultaneously. Gaussian curves were fitted to the central points of the distributions and the 0lIe angles thus derived are presented graphically. The data points are compared with calculations using a common method of determining multiple scattering angles. An empirical correction for extending this method into the low energy and thick foil region considered here is suggested. 
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Introduc t ion
An approximate method for calculating the mnultiple scattering of ions as they pass through foils of material has been made conveniently available by Marion The arrangment of the electronic apparatus is shown in Figure 2 . The "position signal" from the detector is actually proportional to both position and particle energy. Fluctuations in energy loss i1i the scattering foil result in a corresponding smearing out in the position-energy spectrum, as shown in Figure 3 . An on-line computer was used to divide the amplitude of the position-energy signal by that of the corresponding energy pulse to produce a true position pulse. Figure 3 shows also an example of a typical energy spectrum and a final position spectrum. The examples shown are for 5.0 MeV deuterons on 47 mg/cm2 tantalum.
Three spectra of this type were taken and stored on magnetic tape for each foil measurement. Single channel analyzer limits were set to allow response to signals in the expected ranges and to reduce response to extraneous signals. A beamcurrent integrator and monitor counter were provided and recordings were made of dead time to assist in nornalizing runs for different detector positions in cases where the scattering angular distributions were broad.
Experimental Procedures
Readily available foils having a broad range of atomic numbers were selected. Sheets of the foil materials were measured and weighed to determine their areal density. Foil thicknesses were chosen which, in most cases, resulted in relatively large energy losses in the foils.
In a typical scattering measurement an accelerator beam current of 100 to 200 nA and a running time of the order of 5 min were sufficient to accumulate at least several thousand counts in the central peaks of the angular distribution. At the end of the two-day run, the mask was removed from the position-sensitive detector and some continuous spectra were taken to determine the angular spread of the beam incident on the foils and to assist in calibration of angles.
In the analysis of the data, sums were made of the counts corresponding to particles passing through the different holes in the detector mask. Small corrections were applied to the counts corresponding to some of the holes because of variation in their size as determined by irregularities in Rutherford scattering spectra. Gaussian curves were then fitted to the central points in the spectra. In most cases, to avoid getting into a region where the distribution departs appreciably from the Gaussian shape, only those points above half-maximum were used. It is well known that multiple-scattering angular distributions depart appreciably from a Gaussian shape in that the wings are high relative to a Gaussian curve fitted to the points in the central part of the distribution. An example of departure from Gaussian shape is shown in Figure   4 Figure 6 Deuteron scattering data suggested that the uncertainty in the measured Gaussian widths should not exceed 5%. Considering some tolerances in the arrangement of the apparatus in the scattering chamber, we estimate an overall uncertainty of about 7% in the angular widths.
Comparison with Other Work
Calculations of the Marion and Young type using average particle energies are shown in Figures 5  and 6 . Lines in these figures are purely for the purpose of helping to visualize the trend of the points. It is seen that our experimental points are lower than the calculated points with differences increasing with increasing Z of the foils and with decreasing energies. These differences are not unexpected considering the fact that our foil thicknesses and particle energies are generally outside the range where the Marion and Young calculations are expected to be valid.
An empirical correction to the Marion and Young calculations by multiplying the l/e angle by a factor depending on the atomic number Z and the incident particle energy E in MeV is as follows:
Ol/e= (01/e,MY) F(Z) 
